Typically, heavy metals are metalloids with higher specific gravity ≥ 5and molecular weight (Idris et al., 2013; Izah et al., , 2017a Izah et al., 2018e,f) . Heavy metals are basically classified based on their toxicity, that is, essential (metals required by living organisms at certain concentrations) including iron, zinc, copper, manganese, chromium etc, and non-essential heavy metals (metals that do not have any biological functions in livings organisms and could induce toxicity even at low concentrations. The toxicity of these heavy metals has been widely reported in literature.
The consumption of herbal medicine in developing nations, including Nigeria, is still prevalent especially among individuals that reside in rural area. In Nigeria, National Association of Traditional Medicine Practitioner of Nigeria (a Nigerian agency regulating the activities of traditional medicine practitioners), and National Agency for Food, Drug and Administration and control (a Nigerian Agency regulating food and drugs products) regulates the activities of traditional medicine practitioners. However, some individuals that produce and sell this herbal medicine are yet to be registered with either of the agencies. As such, the safety and quality of these prepared herbal medicines are a potential source of concern for health authorities, pharmaceutical industries and the public at large (that is the end user of such remedies).
A number of elements (including macro and trace)are important to plants but portend harmful effect at high concentrations, especially to plants, animal and human that consume them. Hence, medicinal plants require special processing and treatment with regard to their elemental composition. Authors have reported that the pharmacological effects of most plants are due to the presence of the active compounds or secondary metabolites they possess (Kigigha et al., 2018 (Kigigha et al., , 2016 (Kigigha et al., , 2015 and are influenced by the associated macro and micro elements they possess. Therefore, there is the need to regulate by way of assessing the metallic contents of these herbal products. This study is aimed at assessing the levels of pH, minerals and some trace metals in liquid herbal medicine sold in Nigeria.
MATERIALS AND METHODS

Sample Collection
A total of nine (9) products of liquid herbal medicine were purchased from retail outlets in Port Harcourt, Rivers State, Nigeria. Samples with date of production and expiring date were purchased. Other information about the active ingredients, state and country of production, registration details with National Association of Traditional Medicine Practitioner of Nigeria (a Nigerian agency regulating the activities of traditional medicine practitioners), and National Agency for Food, Drug and Administration and control (a Nigerian Agency regulating food and drugs products) of the various products under study is presented in Table 1 
Sample Preparation and Laboratory Analysis
Heavy Metals and Macro Nutrient
Samples were stored in their original bottles in a cool, dry place prior to commencement of analysis. 25 ml portion of well-mixed liquid herbal extract was sub-sampled and transferred into acid-washed and water-rinsed 100 ml pyrex glass beakers, 5 ml of concentrated nitric acid (HNO 3 ) was added before subjecting the mixture to a slow boil and evaporation on a hot plate. The mixture was concentrated to a volume of 10 ml before precipitation. Another 5 ml of concentrated nitric acid (HNO 3 ) was added to aid complete digestion (which is reflected by a light colored, clear solution) after further heating on the hotplate. Afterwards, the digest was left to cool. The wall of the beaker was washed down and filtrate transferred into a 25 ml volumetric flask, adding rinsing to the flask before diluting to mark. Portions of the filtrate were aspirated for macro and trace element analysis on the GBC Avanta A6600 flame atomic absorption spectrophotometer (FAAS) (Aigberua et al., 2017).
Phosphorus (Ascorbic Acid Method)
50 ml of herbal solution was transferred into a micro-kjedahl flask. 1 ml and 5 ml portions of concentrated sulphuric acid (H 2 SO 4 ) and nitric acid (HNO 3 ) were added respectively. The mixture was then digested to a volume of 1 ml and continued until solution became colorless to remove HNO 3 . The digest was cooled and approximately 20 ml of distilled water added, phosphorus was determined by adding the content of one phosver-5-phosphate reagent powder pillow to the mixture, a 5-minute reaction period was allowed and the presence of phosphorus was observed as samples depicted a tinge of blue coloration. Concentration of phosphorus (in mg/l) was determined using the HACH DR 890 colorimeter (APHA, 1995). 
pH Determination
The pH was read electrometrically using calibrated HANNA HI8314 model pH meter dipped in herbal solution (Aigberua, 2018).
Statistical Analysis
Statistical package for Social Science version 20 was used for the statistical computation, Descriptive statistics was carried out and data were expressed was mean ± standard deviation. One way analysis of variance was carried out and Waller-Duncan statistics was used to compare the means. Pearson correlation matrix was used to show the relationship between the parameters under investigation in the liquid herbal medicine products.
RESULTS AND DISCUSSION
Results obtained for pH, mineral and selected heavy metals concentration in liquid herbal medicine sold in Nigeria is presented in Tables 2 and 3 respectively. While the Pearson correlation matrix is presented in reported median pH of 1.3 for fasted gastric pH, 4.9 for gastric pH during the meal, 6.5 for fasted duodenal pH, and duodenal pH during the meal among young and elderly men, and women. The authors also reported that following a meal, gastric pH decreased from a peak pH of 6.2 to pH 2.0 within 4 hours among most of the group studied. As such, the values obtained for this study is close to what has been reported for some liquid herbal solutions(3.55 -8.00) sold in Nigeria (Onwordi et al., 2015) . Typically, the acidity of the herbal solutions does not possess the tendency to cause major health effect in humans. Generally the acidity of the stomach varies according to species and can be affected by age or other treatments (Beasley et al., 2015) .
The concentration of phosphorus ranged from 0.44 -10.76mg/l. There was significant variations (p<0.05) in the various samples. Phosphorus showed positive significant relationship with sodium (r=0.399, P<0.05) and calcium (r=0.623, P<0.01), and negatively correlated with cobalt (r=-0.397, P<0.05). Typically, phosphorus is the second most abundant mineral in the body and it constitute about 1% of total body weight (MedlinePlus, 2018). The authors also reported that play essential role in the formation of bones and teeth, utilization of carbohydrates and fats in the body, synthesis of protein for the growth, maintenance, and repair of cells and tissues, and also help the body for the production of ATP (MedlinePlus, 2018). Phosphorus is also vital for the functioning of the kidney, muscle contractions, normal heartbeat and nerve signaling (MedlinePlus, 2018). Based on the importance of phosphorus in the human body, the amounts found in the herbal medicine do not pose any major health challenge among individuals that use the products under study.
The minerals under study ranged from 2.03 -202.68mg/l, 2.04 -26.38 mg/l, 7.04 -9.74 mg/l and 14.33 -109.55 mg/l for potassium, magnesium, sodium and calcium respectively. Statistically, there was significant variation (P<0.05) in the concentration of the various herbal solutions for each of the minerals under study. Potassium showed positive correlation with magnesium (r=0.864, P<0.01) and zinc (r=0.432, P<0.05). Magnesium negatively correlated with sodium (r=-0.641, P<0.01) while calcium negatively correlated with cobalt (r=-0.503, P<0.01).These minerals (calcium, sodium, potassium and magnesium) are essential in human and living organisms in general. essential in bone development, ATP metabolisms and is a cofactor to several enzymes, and as such they are indirectly involved in metabolism of carbohydrate, lipids and proteins and other mineralsin the body. Generally, the occurrence of these minerals are in the order; sodium< magnesium<calcium<potassium. Table 3represents the level of selected heavy metals in liquid herbal solutions sold in Nigeria. Lead was not detected in any of the herbal medicines. The concentration of nickel was not detected in seven (7) of the nine (9) test herbal solutions. The concentration of nickel in UAM and GCH was 0.068mg/l and 0.046mg/l respectively. Statistically, there was significant variation (P<0.05) between the two samples. Nickel showed negative significant relationship with iron (r=-0.384, P<0.05) and positively correlated with cobalt (r=-0.452, P<0.05).Nickel and zinc was detected in only two products viz: RHB (0.024mg/l) and GCH (0.019 mg/l). Also, both samples (RHB and GCH) showed significant variation (P<0.05).
Cobalt was detected in YCB, UAM and UNC at concentrations of 0.102mg/l, 0.177mg/l and 0.140mg/l respectively. There was significant variation (P<0.05) between the three herbal products. Iron concentration in the herbal solutions under study ranged from 1.302 -27.081mg/l, being significantly different (p<0.05) among the various herbal products. Plant material is the major source of the active ingredients in the herbal medicines. The concentration of iron, zinc and nickel in this study were lower than the values previously reported in edible vegetables (Gongronema latifolium, Amaranthus hybridus, Piper guineense, Talinum triangulare, Telfairia occidentalis and Ocimum gratissimum) sold in some markets in Nigeria (Izah and Aigberua, 2017) . In addition, the values of trace metals in this study is lower than the range of 3.33 -3.80µg/g (cobalt), 163.04 -350.95 µg/g (iron), 9.94 -15.63 µg/g (nickel) and 6.86 -66.59 µg/g (zinc) in some herbal medicine sold in Kano state and used for treatment of some disease conditions (Samali et al., 2017) . In addition, the concentration of zinc was lower than WHO limits of 50mg/l in finished herbal products. Information about the limit of cobalt, iron and nickel on finished herbal drink in Nigeria is scarce in literature. 
CONCLUSION
Generally, plant parts are the major ingredients of the different herbal drinks and plant have the tendency totake up heavy metals from their environment. Consequently,the level of heavy metals in herbal products are a reflection of the mineral found in the soil from which the plant materials are cultivated, as well as the water used for the constitution of the herbal medicines. The value of the trace metals found in this study suggests the absence of any major hazard associated with trace metals in liquid herbs produced, marketed and consumed in Nigeria. Furthermore, there is need for a more stringent enforcement of drug acts and regulations and continuous monitoring and surveillance to make all practitioners register their products with National Agency for Food, Drug Administration and Control and National Association of Traditional Medicine Practitioner of Nigeria registration.
